Abstract: Changes in comparative advantage are closely related to the corresponding stage of economic development, and in developing countries the dynamic evolution of export commodity comparative advantage can be reasonably analyzed and determined from two distinct levels: factors and products. Using data from the United Nations Statistics Division Com-trade database from 1998 to 2008, this thesis adopts the Normalized Revealed Comparative Advantage (NRCA) index to conduct an empirical survey of the dynamic evolution characteristics of Chinese exports' comparative advantage. The results suggest that China's export commodity comparative advantage, from the macro perspective of factor endowment and after adjusting for the cross-border flow of production factors, is still largely attributable to the low-end labor factor, such that conflicts exist between export expansion and the structural upgrading of the economy. However, from the micro perspective of products, significant change in the comparative advantage model can be observed. This mainly presents as the rapid expansion of certain export commodities' comparative advantages, pushed by the integration and further interaction of the labor factor with capital and technological factors. The upgrade of Chinese exports' comparative advantages has reached a turning point. Therefore, an important and urgent question is how to fundamentally promote a benign interaction between export expansion and economic structure upgrading.
Introduction
Change in exports' comparative advantage is a sensitive indicator reflecting a country's economic development and often directly measures technological enhancements and changes in industrial structure. The evolution of export commodity comparative advantage also has an important guiding function in resource allocation because it significantly affects the direction a country takes in making structural upgrades and future improvements in national welfare. It is also noteworthy that as exports' comparative advantage markedly changes in some countries, the trade direction and balance of payments in other countries are often affected, triggering major changes in the global economy. For these reasons, marked changes in export commodity comparative advantage in emerging countries often becomes a hot topic of discussion. Currently, the trends and possible (2010) notes that when opening up to outside world and participating in international trade, developing countries' exploitation of comparative advantage tends to benefit from lower-level labor resources despite the fact that market mechanisms may cause the country's labor capital to "downgrade" rather than "upgrade," as might be expected.
In constructing a theoretical model for the route of comparative advantage evolution in developing countries, we adopt an empirical approach through which to discuss the basic characteristics of dynamic change in Chinese export commodity comparative advantage from 1998 to 2008. Section II proposes criteria for analyzing the comparative advantage change of export commodities in developing countries at two levels: factor endowment and specific products. Data sources are then referenced to make a theoretical assumption regarding the dynamic evolutionary route of export comparative advantage in emerging countries. Section III investigates the main trend of change in the comparative advantage for export commodities in China by focusing on the macro perspective of factor endowment classification, hence drawing the conclusion that the comparative advantage in Chinese exports continues to be that of developing countries. Section IV examines the extent and rate of change in the comparative advantages of China's export commodities from the micro perspective of specific products. Section V summarizes the overall findings of this thesis and offers a discussion of policy implication.
Evolutionary Route of Comparative Advantage in Developing Countries at Two Levels
A country's comparative advantage is usually reflected through its export commodities. A larger export scale indicates prominent overall comparative advantage while changes in export commodity structure over a given period indicate the evolution of the country's comparative advantage, which particularly influences its overall economic development. A country's export commodity structure and its comparative advantage model as reflected through that structure can be observed to be not only the result of its prior economic development, but also an important variable affecting its future economic development. Economic development level differs among countries and so it follows that the changing comparative advantage trends likewise differ and, in turn, affect economic development in various ways. In underdeveloped countries, the stage characteristics of economic development often cause the dynamic change of comparative advantage to manifest a unique moving track, compared with those of developed countries.
Developing countries certainly cannot change their comparative advantage overnight, and transitioning from labor-, to capital-and technology-intensity is a long process. In real world economics, developing countries can opt to expand the extent of commodity export with the internal factor endowment condition as is, making the best advantage of current resource and labor factors. Another option is to accelerate the accumulation of capital, technology, and other high end production factors through the expansion of exports, thereby prompting a gradual change in the ratio of the current factor endowment and an eventual comprehensive upgrade in export commodity structure. The evolution of comparative advantage at the product level should be more readily noticeable in developing countries, with changes in factor endowment proving less apparent.
Factor endowment and specific products can and should be considered as separate perspectives or levels in the observation of dynamic change in the comparative advantages of developing countries. Research at the factor endowment level, in particular, is relevant in the global economic system to the positioning of comparative advantage in developing countries, and offers useful insight into important signs of long-term development and trends. Analyses at specific product levels can offer objective views of differences in developing countries' comparative advantage at various points in time while offering an assessment of short-term changes in production and export. Analyses at these two distinct levels cannot replace one another, as one will inevitably result in either an over-or under-estimation of these aspects. Considering the levels of factor endowment and specific products in concert with export trade and economic development, long-term dynamic changes in the comparative advantages of developing countries can and should be streamlined into three basic stages as follows (refer to Figure 1 ):
Figure 1 Dynamic Evolutionary Stages of Export Comparative Advantage in Developing Countries
The first stage is "positioning", using the existing factor endowment to guide production decisions while accelerating the adjustment and optimization of the country's internal economy. Underdeveloped countries in the early stages of opening up promote their own economic growth primarily by identifying a comparative advantage, by correcting the prior distortion of resource allocation, and by expanding participation in the international division of labor. This is also the time when changes in comparative advantage appear as the expansion of export scope and scale, and when export commodity structure is dominated by low-end production factors.
The second stage is "polarizing", or the exploitation of the comparative advantage generated by the existing factor endowment. As long as the ratio of existing factors remains consistent, major effort is exerted to maximize the specialization of export production to the extent that conflicts between export comparative advantage enhancement and economic structure upgrades gradually begin to manifest. Over a certain period of relatively rapid development after opening-up, the income per capita in underdeveloped countries will increase considerably, notably improving their position in the world market. At this stage, the dynamic change in export commodity comparative advantage manifests as a higher degree of convergence between resource and labor factors and capital and technology factors, with the former two factors continuing to dominate.
The third stage is "promotion", which is when new production specialization simultaneously enables factor endowment status upgrades and the evolution of exports and industrial structures. In the process of marketization and with the considerable enhancement of the overall economic development level in developing countries, the cost of resource and labor factors increases while the quality of labor likewise improves. Meanwhile, the accumulation of capital and technology factors accelerates and production specialization increasingly focuses on the more high-end industries. Then, in the comparative advantage decision-making process, capital and technology factors are upgraded to a dominant position and industrial upgrades are actively promoted through export expansion.
Shifts in developing countries' export comparative advantage exhibit unique characteristics at various stages, primarily reflected in the mutual relationship between factor endowment and specific product levels. Regardless of whether comparative advantage change at the product level and comparative advantage determined by existing factor endowment follows the same direction, various evolutionary tracks take shape at different stages. The growth of export products in the first stage is realized mainly through the exploitation of current resource endowment. The expansion of export scale in the third stage consolidates and strengthens resource endowment ratio changes. Although the evolutionary direction in the two stages appears to be the same, they are substantially and fundamentally different in content. It is worth noting in the second stage that export comparative advantage maximizes the use of the current factor endowment, thereby creating demand to potentially neutralize the restraint of the current factor endowment. Meanwhile, it fosters conditions that support upgrades in factor endowment. The second stage in the dynamic evolution of export comparative advantage is inevitable and the most challenging for developing countries. The influence of external demand on internal resource allocation becomes stronger at this stage and the market system automatically generates a resource locking effect. This in turn hampers, or at least does not directly promote, upgrades in industrial structure (Chen Feixiang, 2010) . There are many factors in the dynamic evolution of comparative advantage in developing countries that combine to form a classic stage with distinctive characteristics; that is, the overall backwardness compared to developed countries, special combinations of various production factors, and conflicts between export growth and structure upgrading.
After thirty years of outstanding and effective reform and opening-up, China's GDP advanced to second in the world in 2012 and its export trade has maintained continuous and rapid expansion for years, playing a strategic role in the acceleration of economic growth and in the increased use of foreign capital. Whether viewed from the perspective of export trade scale, or from the perspective of export commodity structure, China's comparative advantage has undergone significant changes. At the factor endowment level, China's export comparative advantage is clearly that of a developing country. Upgrades to export commodities in recent years have been made rapidly, and changes in comparative advantage have been prominent at the product level. An objective assessment can be made only through comprehensive analysis of the dynamic change in the comparative advantages of Chinese exports, whereby the means of upgrading export models and coordinating the relationship between opening-up and internal economy can be better promoted in the future.
All of the Chinese export commodity data used here was taken from the UN Comtrade database for the 11-year observation period from 1998 to 2008. According to the Standard International Trade Classification (SITC. Rev 3), China's export data in each year are selected at both one-and four-digit number classification levels. For the one-digit number, SITC classifies all of the export products into 10 types and at type No. 9, China's export volume is rather low, which accounts for a small part of China's total export volume that it is ignored here. At the four-digit number level, SITC classifies all of the Chinese export commodities into 1,033 groups. In this thesis, 935 of these groups with relatively complete export data are selected and their products with very low export volume or relatively fewer yearly data are removed. Such treatment does not affect the validity of the results of the empirical analysis.
Changes in Chinese Export Comparative Advantage at the Factor Endowment Level
Current SITC is assigned on the basis of product performance and provides useful information for the analysis of factor content in export commodities. Following the product classification method based on different technical levels developed by Lass (2000) , and the export commodity classification method based on labor skill content suggested by Trefler and Zhu (2005) , we re-classify export commodities from the perspective of actual factor input, separating the 935 Chinese products under SITC four-digit numbers into four factor-intensive types.
Initially, we determine the factor input intensity of export commodities according to regular technical features, and then we make the necessary adjustments as per the actual domestic factor input of the export commodities in question. In particular, we classify one-digit number SITC types, Nos. 0-4 (primary products), as resource-intensive products and types No. 6 (finished products classified by material) and No. 8 (miscellaneous products) as labor-intensive products. Types No. 5 (chemical products) and No. 7 (machinery and transportation equipment) are classified as capital or technology-intensive products in principle, with some commodities in both types being classified as labor-intensive commodities (for detailed product classification, please refer to Table 1 ). Although these export commodities are typically classified by international practice as capital or technology-intensive, they are mainly produced by foreign investment enterprises via a process of trade for export. Therefore, the actual domestic input factor for these products is merely primary labor.
The classification of Chinese electronic products (7511, 7581, etc.) into labor-intensive exports is based on the obvious fact that the industrial transfer prompted by international capital flow has caused the "deviation" of production factor intensity, where factor intensity is inconsistent with the actual factor endowment condition of the export country. For example, many products with capital or technology-intensive characteristics are exported from developing countries in large scale, not because the developing countries have the corresponding capital or technology advantage, but because the multi-nationals transfer their production site to save costs and so the developing countries' inputs are still very primary factors.
In recent years, the proportion of electronic and informational products in China's total export volume has rapidly increased from 15.4% in 1998 to 27.4% in 2008, but those playing dominant roles are still foreign investment enterprises that mainly adopt the processing trade method. For example, in 2005, foreign enterprises accounted for 89% in China's export of electronics and informational products, and the top three with the biggest export scale were all foreign enterprises. After China's entry into the WTO, the electronics and information industry has attracted the largest amount of foreign investment, directly resulting in its rapid growth in export. These foreign enterprises do not do the related technology research and development in China, so of course the ownership of capital belongs to the foreign party, who merely reaps the benefit of China's cheap labor for assembly or low-end processing. Therefore, from the perspective of actual factor input, for China, the large export of electronics and informational products are in fact not capital and technology-intensive products. They should instead be rightfully classified as labor-intensive products. During the period from 1998 to 2008, the export scale of the four factor types in China generally maintained relatively rapid growth but still exhibited large differences in growth rates ( During the period under study, the NRCA index of China's technology factor-intensive commodities reflected the most dramatic change from among the four types. The NRCA index of this export type as seen in Figure 2 was -0.28 in 1998, and increased to 0.39 in 2008, triggering a qualitative transformation from negative to positive. Relevant trade volume data also indicate a prominent change in comparative advantage from another aspect. Namely, the proportion of total export volume for technology-intensive commodities in 1998 was 19.20%, and by 2008 it had increased to 30.30%, contributing to the rapid expansion of the Chinese export scale. For this commodity type, 2003 was a crucial turning point as its NRCA index exceeded the threshold of 0, then subsequently continued in the following three years to show fairly fast growth, maintaining a steady upward trend. Technology-intensive products in China experienced an earlier dynamic change in comparative advantage compared to capital-intensive commodities as the result of continuous government investment in technology and China's advantageous geographic size.
In summary, labor factor-intensive commodities assessed by factor endowment level currently continue to dominate in China's export trade. Considering the deviation phenomenon of factor intensity caused by the international division of production, the comparative advantages currently exploited by China are still the low-level production factor types with static comparative advantage. Of the export commodity total volume, the labor-intensive type commodities still constitute the largest share, have the greatest NRCA index, and display the most obvious changes. This all indicates the following: that the labor factor plays a bigger role in China's rapid development of export trade than capital and technology factors, that China's production specialization under opening-up conditions is still fully concentrated in the direction of low-end production factors, and that conflict between export growth and economic structure upgrading is inevitable.
Comparative Advantage Evolution of China's Exports at the Product Level
Examining the changes in China's export comparative advantages at the specific product level has important value in two respects. First, it is conducive to grasping the variety and sensitivity of export comparative advantage evolution at the micro level. Second, it can help in the assessment of future directional changes in export comparative advantage. It should be noted that with factor endowment remaining unchanged, rapid change in export commodity structure is usually an important characteristic in developing countries. Countries with similar factor endowments may have very different export commodity structures, and a country with unchanged factor endowment may differ significantly in export structure at various points in time.
Using NRCA indices calculated at the beginning and end of the observation period as coordinate axes, the comparative advantages of China's 935 export commodities are described by adopting the method of scatter distribution. For detailed results, please refer to Figure 3 in which the vertical axis is the NRCA index of a certain commodity in 2008, and the horizontal axis is its NRCA index in 1998. The two parameters determine the specific position of a certain export commodity in the chart. For example, if the NRCA index of a certain commodity was negative in 1998, but then positive in 2008, it will be located in the upper left area of the chart. Thus, the chart is divided into six sections, with the NRCA indices of the commodities located on the upper left side of the alignment going up, and those of the commodities located on the lower right side of the alignment going down. Of course, the patterns of change in different sections vary. For example, if the original NRCA index of a commodity is located in section A it is positive and its absolute is increased. If it is located in section B, the NRCA index remains positive but its absolute value decreases. Accordingly, the 12.4% of export commodities whose NRCA indices changed from negative to positive from 1998 to 2008 accounted for only one fifth of the total export volume in 2008. Nearly all of the international standard classification codes for these commodities begin with the number "7" and boast rising NRCA indices from among all of the Chinese export commodities over the same period in addition to the most significant enhancement to China's comparative advantage. The top five commodities in terms of NRCA indices in 2008 were, respectively, digital automatic material processors at 4.456; wireless phones and radios, telegraphs, and televisions at 1.804; digital automatic data processor parts and components at 1.231.
From 1998 to 2008, the commodities whose NRCA indices had changed from positive to negative accounted for 7% of all Chinese exports, but amounted to only 2% in total export value because they were mainly resource-intensive commodities. Specifically, the NRCA index of soft coal and coal dropped from 0.063 in 1998 to -3.38 in 2008. Correspondingly, iron and unfinished products of unalloyed steel dropped from 0.34 to -1.29. Corn went from 0.46 to -1.74, rice from 1.19 to -1.35, and electricity from 0.33 to -1.61. The comparative advantages of these commodities in China's export trade had declined most significantly, and with continuous decline in export competitiveness, their export scale also dramatically decreased. The total export volume of these commodities dropped 6% in 2008 and in 4 of the 11 years between 1998 and 2008.
Conclusion
As a major developing economic power, the dynamic evolution of China's export commodities' comparative advantages should be assessed at two distinct levels: factors and products. This analysis provides a better understanding of the restraints established by internal and external conditions on the development of China's export trade while increasing focus on the mutual relationship between export trade expansion and economic structure upgrading. China is currently at a crucial stage and displays the comparative advantage transformation characteristics that are typical of a developing country. After the positioning of comparative advantage in the early stages of opening-up, in recent years China has pushed the use of traditional comparative advantage to the extreme, but has yet to establish a new comparative advantage model based on high-end factors.
From the micro perspective at the factor endowment level, measured by actual factor input, labor-intensive products in China continue to dominate and hold a significantly larger comparative advantage than other factor-intensive type export commodities. Yet, the comparative advantages of technology-intensive export commodities have recently started to exhibit extraordinarily rapid growth. From the micro perspective at the product level, the changes in export commodity comparative advantage have been common and rapid. The convergence of labor, capital, and technological factors in the production of export commodities is strengthening, and the comparative advantages of export commodities that rely purely on labor or resource factor input is rapidly decreasing.
An issue in need of attention at this time is the discord between export-oriented production specialization based on current comparative advantage, and industrial structure upgrades required by changes in the national economic development model. The dynamic evolution of export comparative advantage may be hindered in China due to the difficulty of accelerating the accumulation of high-end factors through sole reliance on the guiding effect of market demand and factor inflow from external markets. A necessary and wise choice at this time would be to properly strengthen government influence on resource allocation and enhance the role of domestic market demand in the adjustment of overall resource allocation.
